H yperkalemia is routinely defined as a serum potassium level >5 mmol/L and is a common occurrence in patients with acute and chronic heart failure (HF). For example, prior work has demonstrated that hyperkalemia is present in %9% of patients admitted for acute HF, 1 In this issue of the Journal of the American Heart Association (JAHA), Thomsen et al performed an analysis to determine the incidence and predictors of hyperkalemia as well as the outcomes attributed to various levels of hyperkalemia in a large population-based cohort (N=31 649).
H yperkalemia is routinely defined as a serum potassium level >5 mmol/L and is a common occurrence in patients with acute and chronic heart failure (HF). For example, prior work has demonstrated that hyperkalemia is present in %9% of patients admitted for acute HF, 1 and the total annual charges for Medicare admissions related to a primary diagnosis of hyperkalemia are substantial, with estimates as high as $697 million in 2011. 2 Elevated potassium levels may affect the activity of myocardial potassium channels, leading to more rapid membrane depolarization. The downstream effects of this may translate into slower myocardial electrical conduction, resulting in malignant tachyarrhythmias or bradyarrhythmias. Hyperkalemia, especially with potassium levels >5.5 mmol/L, has been consistently linked to poor clinical outcomes in patients with HF. 3, 4 Recent estimates from the PARADIGM-HF (Prospective
Comparison of ARNI With ACEI to Determine Impact on Global Mortality and Morbidity in Heart Failure) trial suggest the incidence of hyperkalemia in a trial population receiving treatment with renin-angiotensin system inhibition (RASi) was %16% over a median follow-up time of 27 months, despite a highly selected and carefully monitored clinical trial population. 5 Similarly, in a large cohort from the United Kingdom of 19 194 patients with new-onset HF, 11% developed hyperkalemia during a 4-year follow-up. 6 Multiple prior analyses of clinical trials and population-based studies identify renal dysfunction, type 2 diabetes mellitus, and the use of mineralocorticoid antagonists (MRAs) and RASi as major risk factors for hyperkalemia. Given that 5.7 million people in the United States alone have HF and this number is increasing, there is an overwhelming number of patients at risk for hyperkalemia and associated adverse events. 7 Patients with HF are at a particularly high risk for hyperkalemia, which is likely reflective of their medical comorbidity, including renal dysfunction. In addition, several of the current medical therapies for the management of HF with reduced ejection fraction (EF) add to this risk. These include cornerstone therapies, such as the following: (1) RASi, including angiotensin-converting enzyme inhibitors and angiotensin receptor inhibitors with or without neprilysin inhibition; and (2) MRAs, such as spironolactone and eplerenone. Whether a consequence of a real or perceived risk of hyperkalemia, evidence supports that these therapies are underused, and when used there is suboptimal dose titration. 8, 9 Although there are data to support that mild hyperkalemia (potassium level, 5-5.5 mmol/L) in the setting of RASi and MRA therapy might not be associated with poor clinical outcomes, hyperkalemia in HF remains a major clinical dilemma. 3, 10 In this issue of the Journal of the American Heart Association (JAHA), Thomsen et al performed an analysis to determine the incidence and predictors of hyperkalemia as well as the outcomes attributed to various levels of hyperkalemia in a large population-based cohort (N=31 649). 11 The study included patients with a new diagnosis of hospitalized HF in northern Denmark between 2000 and 2012. Risk factors and clinical outcomes were compared in patients with HF with versus without hyperkalemia. The main finding of the study was that over a mean follow-up of 2.2 years, hyperkalemia (potassium level, >5.0 mmol/L) occurred in 39% of patients. Repeated hyperkalemia episodes were even more common, with 43%, 54%, and 60% for each subsequent event in the patients with an index hyperkalemia event. The 3 main predictors of hyperkalemia were chronic kidney disease, diabetes mellitus, and MRA use. Finally, patients with hyperkalemia were at an increased risk of rehospitalization (6-month hazard ratio, 2.75; 95% confidence interval, 2.65-2.85) and death (hazard ratio, 3.39; 95% confidence interval, 3.19-3.61) when compared with 12 151 matched counterparts with HF without incident hyperkalemia. Indeed, there are several notable findings from this largescale analysis. In this population-based sample of patients with HF, there was a high incidence of hyperkalemia (4 in 10),
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which is substantially higher than prior reports from clinical trials or population-based cohorts. Potential explanation for this observation could be the following:
1. First, the higher incidence of hyperkalemia may be attributable to the lower potassium cutoff value (>5 mmol/L) used in the analysis than it was used in other comparable analyses (>5.5 mmol/L). 1, 5 Interestingly, 50% of the initial hyperkalemia events were in the range of 5.1 to 5.5 mmol/L in the present study, and the rate of initial hyperkalemia events with >5.5 mmol/L amounted to a smaller proportion at %20% of the entire population, which is still higher, but closer to prior hyperkalemia rates in the literature. 2. Second, the higher incidence of hyperkalemia may be secondary to the older age of this cohort. The median age of 79 years (interquartile range, 69-85 years) was high. As a comparison, the average age in a cohort with acute HF in the United States (OPTIMIZE (Organized Program to Initiate Life-saving Treatment In Hospitalized Patients With Heart Failure)) was 73 years, 12 and older age is a well-described risk factor for developing hyperkalemia. 13 3. Third, one of the main risk factors of hyperkalemia, renal dysfunction, was present in 41% of this cohort. In comparison, the incidence of chronic kidney disease in a younger US-wide population from the Get With The GuidelinesHeart Failure Registry is 22%. 14 In the northern Danish cohort, the presence of chronic kidney disease (estimated glomerular filtration rate, <60 mL/min per 1.73 m 2 ) alone was associated with a hazard ratio of 1.46 (95% confidence interval, 1.43-1.49), and estimated glomerular filtration rate <30 mL/min per 1.73 m 2 was the strongest predictor of hyperkalemia in the present analysis (hazard ratio, 2.05; 95% confidence interval, 1.94-2.17).
Fortunately, the high incidence of hyperkalemia was only infrequently associated with a discontinuation or a dose reduction of guideline-directed medical therapy RASi or MRA ( Figure 3 in the aforementioned article), as has been seen in a prior MRA-specific analysis in the Swedish heart registry. 15 This is an important and reassuring finding given the concern for the overall underuse of RASi and MRA in HF with reduced EF. 8, 9 Deferring the use of guideline-directed medical therapies poses a major risk to patients' life expectancy and morbidity and, therefore, requires a careful consideration of the benefit/risk ratio associated with the use of RASi/MRA. Historically, fears for the risk of hyperkalemia were particularly high with MRA after an initial uptake in spironolactone use in HF with reduced EF was linked to a parallel increase in hyperkalemia-related hospitalizations and hyperkalemia-associated mortality. 16 On the other hand, because MRA and angiotensin receptor inhibitors are some of the few guidelinerecommended medical therapies for HF with preserved EF (both level IIB), there is a particular urgency to understand the real-world incidence of hyperkalemia and the relationship of hyperkalemia with HF outcomes and to address concerns associated with its use. 17 When evaluating the risks associated with hyperkalemia, one should consider the cause of the potassium elevation. Data consistently support that hyperkalemia attributable to underlying cardiovascular and noncardiovascular causes (chronic kidney disease and diabetes mellitus) is associated with a poor prognosis. On the other hand, episodes or even chronic states of hyperkalemia associated with a medical treatment, such as RASi/MRA, are not necessarily markers of a poor prognosis but might be more reflective of drug effect as opposed to evolving maladaptive cardiorenal interactions. Current HF treatment guidelines do not recommend MRA use in patients with estimated glomerular filtration rate <30 mL/ min per 1.73 m 2 or serum potassium levels >5.0 mmol/L, 17 which, for safety concerns, may translate to the exclusion of a large portion of the population with HF from receiving MRA. However, evidence from landmark MRA trials in the HF space indicate that the beneficial effects of MRA may be preserved despite hyperkalemia. Support for this was found in the RALES (Randomized Aldactone Evaluation Study), where patients randomized to spironolactone experienced a potassium level increase within 1 month of randomization, with persistent elevation for the duration of the trial (from 4.29AE0.5 to 4.54AE0.49 mmol/L). Although hyperkalemia was associated with higher mortality, patients randomized to spironolactone had a sustained mortality benefit, with potassium levels <5.0 to 5.5 mmol/L. 3 Similar findings were reported from the EMPHASIS (Eplerenone in Mild Patients Hospitalization and Survival Study), where favorable effects of eplerenone on all-cause death were seen irrespective of the incidence of hyperkalemia or worsening renal function. 4 These findings have been replicated in other data sets.
Results from a recent, large, network-wide analysis suggested there was no difference in outcomes between patients with normal or mildly elevated potassium levels (<5.5 mmol/L).
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There are at least 2 concepts that could explain the apparent lack of association between low levels of hyperkalemia and poor clinical outcomes, seen in the studies previously cited. First, elevated potassium level (<5.5 mmol/L) could be a surrogate of successfully implemented RASi/MRA therapy, which could balance the benefit (RASi/MRA therapy) to risk (hyperkalemia) ratio. Second, it has been suggested that some of the benefit of MRA therapy might derive from a prevention of hypokalemia, which, like hyperkalemia, is strongly linked to poor clinical outcomes in patients with HF. 3, 10 Notably, preserved drug efficacy at higher potassium levels remained true even in the TOPCAT (Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist) trial, which studied the safety and efficacy of spironolactone versus placebo in HF with preserved EF. Once again, incident hypokalemia (using a potassium level of either <3.5 or <4.0 mmol/L as cutoff) and hyperkalemia (using a cutoff ≥5.5 or ≥6.0 mmol/L) were associated with increased risk for cardiovascular and all-cause mortality. Although there was no effect of MRA use on the primary composite outcome of death from cardiovascular causes, aborted cardiac arrest, or hospitalization for HF in the whole study population, the reduction in cardiovascular mortality seen in subjects in the Americas randomized to spironolactone endured after accounting for postrandomization variations in serum potassium. 18 Given the evidence that hyperkalemia in HF is not always an ominous sign, the analysis of the northern Danish cohort needs to be approached with some caution. Despite careful analytical methods that attempted to mitigate sources of bias, findings from this analysis remain limited by residual confounding. Individuals with incident hyperkalemia were more burdened by comorbidities, such as more prevalent ischemic heart disease, chronic kidney disease, diabetes mellitus, and peripheral arterial disease. Thus, we have to be careful to assert a general causal relationship between hyperkalemia and clinical outcomes across the entire spectrum of hyperkalemia.
Furthermore, there are new treatment options either approved or in the pipeline for patients with a history of hyperkalemia, such as the potassium binders (patiromer and ZS-9).
2 Future studies will need to prove safety and efficacy of these agents, especially in their use as a preventative strategy in patients at risk for hyperkalemia. Specifically, we need to understand whether potassium binder use in the population with HF will do the following: (1) allow added RASi or MRA; (2) permit increasing doses of RASi or MRA to maximize tolerated dosing; and (3) sustain the long-term benefits of RASi or MRA use. Given the risks associated with hyperkalemia, unmonitored use of RASi/MRA can be dangerous, as was seen with the introduction of spironolactone for the treatment of HF with reduced EF. 16 More contemporary reports have confirmed the suboptimal laboratory monitoring after RASi/MRA initiation, even in patients at highest risk. 18, 19 Suboptimal monitoring puts patients at increased risk for adverse effects related to hyperkalemia, particularly in the "highrisk zone" of potassium level >5.5 mmol/L. Efforts to encourage guideline-directed laboratory monitoring appear logical, but we also need to understand whether greater monitoring efforts and what monitoring strategies would improve safety of patients with HF and particular the ones at high risk for hyperkalemia in the real world. A summary of currently recommended potassium/renal function monitoring 20, 21 after initiation of RASi and MRA is presented in the Figure. In conclusion, because hyperkalemia in HF is highly prevalent, efforts to understand its associated risk, predict and monitor its onset, and develop effective treatment strategies that do not impede the use of guideline-directed medical therapy should be of highest priority.
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